Snowmelt Parameters Worksheet

Drainage: Average elevation (nearest 100 feet):
Month: Region:

A. Temperatures and Dewpoints During PMP Storm
1) Average 12-hour February 1000 mb persisting dewpoint over basin (Figure A4.8):

2) Precipitable water (W,) for temperature from Step A.1 (Figure Ad.1):

3) Seasonal adjusiment for month selected (Table A4.1):

4) Line 2 xline3 =
6-Hour Period
1 2 3 4 5 6 7 8 g 10 i1 12
W,
corresponding to

6-hour temperature
increments during
PMP storm, Line 4
x %’s of Table
A4.2 (inches).

6) 6-hour
incremental sea-
level temperatures
and dewpoints
from Figure A4.1
(F).

7 Sea-level
temperatures and
dewpoints adjusted
to average basin
elevation. Figure
A42 (°F).

8) Height of 32°F
above mean sea-
level. Figure A4.2
{1000's feet). Use
dewpoints from
line 6.

9) The temperatures and elevations in Steps A.7 and A.8 should be arranged in time sequence corresponding to the
selected PMP storm sequence (see E.3).
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B. Temperatures Prior to PMP Storm

Hours Prior to Storm Onset

48 42 3 30 24 18 12 6
1) Differences between temperature at the beginning of
storm and at indicated hours prior to storm. From Figure
A4.3, in range from curve A, to curve B (°F).
2} The above differences are added to the initial temperature determined in Step A.9.
C. Dewpoints Prior to PMP Storm
Hours Prior to Storm Onset
48 42 36 30 24 18 12 6
1) Differences between dewpoint at the beginning of storm
and at indicated hours prior to storm, Figure A4.3, curve
C (°F).
2) The above differences are subtracted from the initial temperature (dewpoint) determined in Step A9,
D. Snowmelt Winds
6-Hour Period
I 2 3 4 5 6 7 8 9 10 11 12

1) Winds from Figure A4.5 (Regions 1, 3, 6)
ot A4.6 (Regions 2, 5) and interpolations at
average basin elevation (feet msl) reference
Figure A4.4 (mph).

2) Winds reduced to surface conditions. See
text for factor to be used. Step D.1 winds x
factor (mph).

3) Surface winds adjusted to month selected.
Step D.2 winds x (from Figure A4.7)

(mph).

4) Arrange 6-hour winds (Step D.3) in time sequence similar to arrangement of precipitation and

temperatures in PMP storm (see E.4),
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E. Time Sequence of Temperatures, Winds and Precipitation Durin torm

6-Hour Period
1 2 3 4 5 6 7 8 9 10 11 12

1) Menth of concern 6-hourly
PMP increments for the selected
drainage obtained by procedures
of Chapter 13 (inches).

Time in Hours From Beginning of Storm
6 12 18 24 30 36 42 48 54 60 66 72

2) 6-hour PMP
increments
arranged according
to sequence
adopted in Section
13.2, Siep 8
{inches).

3} 6-hour tempera-
tures from A.7
arranged in same
sequence (°F).

4) 6-hour winds
from D.3 arranged
in same sequence

(mph).

5) Height of
freezing level from
A.8in same
sequence (1000's
feet).

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6 0

6) Temperature prior

to storm. Differences of B.1
added to the temperature from
E.3, 6-hour column.

7y Dewpoints prior to storm.
Differences of C.1 subtracted
from the temperature from E.3,
6-hour column,

8) Winds prior to storm may be assumed to be the 72-hour duration value from D.3 for two days prior to storm.
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Snowmelt Parameters Worksheet
(Example)
Drainage: Auburn Average elevation (nearest 100 feet): 4700
Month: Mid-November Region: Sierra (5)

A. Temperatures and Dewpoints During PMP Storm

1) Average 12-hour February 1000 mb persisting dewpoint over basin (Figure A4.8): 60° F
2} Precipitable water (W o) for 60° F (Figure A4.1); 1.38
3) Seasonal adjustment for November (Table A4.1): 117

4) 1.38 times 1.17 = 1.61 inches

6-Hour Period

1 2 3 4 5 ) 7 8 9 10 i1 12

5y W,
correspending to
6-hour temperature
increments during
PMP storm. 1.61 1.67 | 1.61 [ 156 153 | 1.50 {147 143 {1.42 138 | 137 | 1.35 1.34
x %’s of Table
A4.2 (inches).

6) 6-hour

incremental sea-
level temperatures
and dewpoints 638 |63.0 | 623 1620 616 |61.1 | 608 | 606 |60.0 | 599 | 596 59.3
from Figure A4.1

(°F).

7) Sea-level
temperatures and
dewpoints adjusted
to 4700 feet
elevation, Figure 515 | 507 | 49.8 | 494 490 | 484 | 48.0 | 476 | 473 470 | 467 46.3
Ad2 (°F).

8) Height of 32°F
above mean sea
level. Figure A4.2
(1000's feet). Use | 11.6 | 11.3 {109 | 10.8 | 10.7 | 104 | 102 | 101 | 99 98 | 97 | 96
dewpoints from
line 6.

9) The temperatures and elevations in Steps A.7 and A.8 should be arranged in time sequence corresponding to the
selected PMP storm sequence (see E.3).
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B. Temperatures Prior to PMP Storm

Hours Pricr to Storm Onset

48 42 36 30 24 18 2 6
1) Differences between temperature af the beginning of
storm and at indicated hours prior to storm. From Figure 10095190 |80]70[60/|45]35
Ad4.3, selecting curve A, (°F).
2) The above differences are added to the initial temperature determined in Step A.9.
C. Dewpoints Prior to PMP Storm
Hours Prior to Storm Onset
48 42 36 30 24 18 12 6
1) Differences between dewpoint at the beginning of storm
and at indicated hours prior to storm. Figure A4.3, curve 35 |25t20l20l15]110|10]05
C (°F).
2) The above differences are subtracted frorm the initial temperature (dewpoint) determined in Step A9,
D. Snowmelt Winds
6-Hour Period
1 2 3 4 5 6 7 8 9 10 il 12
1) Winds from Figure A4.6 and interpolations
at 4700 feet msl (4700 feet = 840 mb) 78 169 |64 | 60 [ 57 |54 [ 52 |50 |49 |48 [ 47 | 46
reference Figure A4.4 (mph).
2) Winds reduced to surface conditions
similar to Auburn. Step D.1 winds x 0.75 59 |52 |48 145 |43 |40 |39 |38 |37 |36 3535
(mph).
3) Surface winds adjusted to November. Step
D.2 winds x 0.82 (from Figure A4.7) (mph). | 48 | 42 | 39 | 37 35 133132131 (301302929

4) Arrange 6-hour winds (Step D.3) in time sequence similar to arrangement of precipitation and

ternperatures in PMP storm (see E.4).
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E. Time Sguence of Temgraturesa Winds and Precigitatiog During PMP Storm

6-Hour Period
1 2 3 4 5 6 7 8 9 10 11 12

1) November 6-hourly PMP
increments for the selected 69 |43 |34 |32130 |29 |29 |28]|21|12]11]10
drainage obtained by procedures
of Chapter 13 (inches).

Time in Hours From Beginning of Storm
6 12 18 24 30 36 42 48 54 60 66 72

2) 5-hour PMP
increments
arranged according
to sequence
adoptedin Section | 3.0 | 29 | 28 | 29 §32 | 43 |69 |34 | 12 {10 |21 |11
13.2, Step 8
(inches).

3} 6-hour tempera-
tures from A.7

arranged in sams 49,0 | 484 | 476 | 48.0 | 494 | 50.7 | 51.5 | 498 | 47.0 } 463 | 47.3 | 46.7
sequence (°F),

4) 6-hour winds
from D.3 arranged
in same sequence 35 33 3 32 37 42 48 39 30 29 30 29

(mph).

5) Height of
freezing level from
A.8 in same 10.7 | 104 | 101 | 10,2 | 108 | 11.3 | 116 | 109 | 98 96 | 99 | 9.7
sequence (1000's '
feet).

Hours Prior to Storm Onset
48 42 36 30 24 18 12 6 0
6) Temperature prior
to storm. Differences of B.1 59.0 | 585 580 | 570 ] 560 | 550 | 535 525 | 49.0

added to the temperature from
E.3, 6-hour column.

7) Dewpoints prior to storm.
Differences of C.1 subtracted 455 | 465 | 47.0 | 470 | 475 | 480 | 480 | 485 | 49.0
from the temperature from E.3,
6-hour columnn.

&) Winds prior to storm may be assumed to be 29 mph for two days prior to storm.
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Figure Ad.2. Decrease of temperature with elevation.

360




1 1 T T T

+25 —
B LEGEND

A:Envelope of observed differences

+20 p~ prior to maximum three day storm e |

precipitation.

B: Envelope of observed increases

+ 15 }— during snow cover periods. —
C: Dewpoint curve ossociated with A,.

+ 10 A |

of Storm and up to 2 Days Prior to Storm (°F)

g
| =t
£
ch
@
(18]
‘S
a
[
s |
*é + 5
QD
o
£ 0 -
& -
&< -5
@
2
@ 2-10
@
2
5 -15
aQ
bt
O ""20
B s Y T TR N R

48 42 36 30 24 18 12 6 0
Time (hrs) Before Beginning of 72 hr PMP Storm
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APPENDIX 5§

Storm Separation Method

The storm separation method (SSM) was devised for HMR 55A (1988) as a technique
that would identify orographic and non-orographic components of precipitation produced by
storms over regions of varied topographic characteristics. The identification was achieved
by using all the various kinds and amounts of available information about the storms to
answer a uniform series of questions. The original version of the SSM and updates to it were
printed in HMR 57 (1994).

It was decided that users of this report (HMR 59) might want to review the original
and updated material constituting the SSM in connection with their reading of Chapter 5,
Section 5.4. These materials are reproduced here; the material from HMR 55A coming first,
and the updated material from HMR 57 following it. References in each of these groups of
material to figures, chapters, or sections in the parent reports have been retained rather than
masked out in the reproductions. We hope that these references, may be useful to those who
wish to dig deeper into such matters.
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7. STORM SEPARATION METHOD
7.1 lotroduction

[n order to establish FMP 1in the €D~103 region, it was considered necessary ta
tind a property of observed major stemm precipitation events that is only
minkmally effecced by terraln so transposition of abserved precipiration amountcs
would not be li{mited to places where the terraln characteristlcs are the ssme as
those at the place where the storm occurred., The name given to this ideailzed
property is “free atmospheric forced preciplcacion™ (FAFP) which has been calied
“convergence only" precipltation in publications such as HMR No. 49 (Hanaen
et al. 1977}, Fer a more complete definition of FAFP, see the Clossary of Temns
in section 7.2, It [s emphasized thar FAFF 1s an idealized property of
precipitation since no experiment has yert been devised to identify in nature
which raindrops were formed by wvrographlic forcing and which by atmaspheric
forcing. This chapter explains how FAFP may be escimated tar specific scomms.
Background informaction Ls provided on [he development of the storm separation
mechod (55M).

T.2 CGloasary of Terms
Terws frequencly used in che SSHM are lisced alphabetically.

Ayt See P,. [r is the term far the effectiveness of crographic forcing
used in module 3.

Al: The analysis interval, in inches, for the Isohyets drawn for a storm.

By: See PCTZ, It is the term representing the “triggering effecta™ of
orography., [t 13 used in module 2. By [¢ 2 number becween D and [
tepresenting the degree of FAFP implied by the relacive posicioning
of the lst through i-ch {sohyetal maxima with those terrain feacures
(steepesr slopes, prominenced, converging upslope valleys) generally

thought to fnduce or “scrimulace™ precipltation. A high positive
correlacign between Cerrain Eeatures and ischyetal maxima ylelds 4
low value for Bg. For each icohyetal maximum there 1s just one

B-type correlatien and, thus, 1f the area covered by a glven maximum
is exzensive enough %0 Lhaf more thsn one ares category 1s concained
within 1irs limixg, the B corretatiane are determined using all
imahyecs conprising a patticular maximum. For the
larger—area/shorter—duration categaries, the By correlation mav need
to he made 14 widely separated, noncontigucus areas.

Yhen available, the chart of maximum dep:h-arfu-durntlon cuUTves
from the Part ![ Summary of Che storm analveiz , along with 1its
asgociated documentation, is the primary source for determining how
many centers (n}) and which isohyetal maxima were used to determine
the average depth for the area heing considered.

BFAC: (.95 {RCAT}. 1t repreaencs an upper !imit for FAFF in modules 2 and
5. See also the definition for PX,

DADRF: The depth-area—duration reductlion factor i{s the ratio of two averame
deptha of precipication.

DARRF = RCAT/MXVATS
DADFX: OADFX = (HIFL)(DADRF). It {6 used in module 2 Lo represent che

largeat amount of nonoregraphic precipitactien caused by the same
atooapheric mechanism that produced MEVATS.

I’l: See PCT2. It is the term for the “upsloping effects™ of ecragraphy
and it {8 wsed in module 2. [t {3 a number hetween 0 and 1.0, which
represents  the degree of atmospheric fercing impliied by the
orlentation of the applicable upwind segmenta of the ilsochvers with
elevation contours (high postrive correlation of these parameters
means a low value for Fi) for the Jar chrough i-rh maxima. For an
imohyetsl maximum there (s just one F-tvpe correlatien, and 1if the
area covered by a given maximum is exrensive enough ao that more than
one area rategory i{s contained within fts limits, the F correlations
are the same for each of rhe area catagories. F-type correlations
are determined u¢aing all tlsohyete coWpcising a particular maximum,
As with B-type correlations, maximum depch-arss-duratien curves fron
the Part Il of the starm report shouid be used to detecmine which
precipitation cencers are involved in the isohvecal maximum.

.
A depth-area-durstion storm analysis s separated into two parts. The First
part develops a prelimicary {sohyetal map and mams curves of rainfall far all
stations In the acorm area. The aecond part includes a final ischyetal map,
computation of the average depth of rainfall over ail! ischyeral aveas and
determination of the maximyn avetage depth [or all ared sizes up te the C[ogal
SCorm area. The complete procedure used for making depth=szrea=durastion analysts
is described fn "Manual for Depth~Area—Duration Analyasis of Storm Preclpitatian”
(World Meteorologilcal Orzen{zation 1986).



69t

FAFP:

LOFACA:

Free Atmospherie Forced Precipitacien is the precipitatien not cauvsed
by orographic forcing; 1.e., (t 1s precipitation caused by the
dvoamic, thermodvnanmic, and microphysical PTOCEREEER of the
atmosphere, 1t is all the precipitation from a storm accurring 1n an
area where terrain {nfluence or forcing {s negligible, terned a

nonotropraphic acea. Ion areas classified as o_rogtlphi:,, ir is that
part of the total precipictation which remains when amounts
attributable cta arographic forcing have been temoved. factors

invelved in the producticn of FAFP are: convergence at middle and
law ctropospheric levels and often, divergence at high levels;
buavancy arising Erom hesating and instabllitv; fovcing from mescacale
syatems, l.e., pseudo fronts, &qusll linea, bubble highs, etc.; atorm
structute, eapscially at  the thunderstorm scale involving rthe
interactfon of precipitaction unleading with the storm suwaraining
updrafc; and lastly, candensation efficiency involving rhe role of
hydrnscopic nuclei and the heights of the condensation and freezing
levels.

The largest i{sochveral value {n the noncragraphic parer of the storm.
The samne artmospheric forces (storm mechanism) must be the cause of
precipitaction over the aress covered bv the isohvet usad ro derermine
HIFX and MAVATS.

That part of RCAT attributed solely to atmospheric processes and
having the dimension of depth. Since it 15 postulated that FAFP
cannat he direcclv chserved 1in an oragraphic ares, some finite
portion of it was caused bv foer¢ing other than free armaspheric. The
FAFP compaonent of the total depth must always be derived by making
one or more asauaplions about how rhe precipitation was casused. The
subscript "m" Idencifies che single amsumption or set of assumptiana
used te derive the amount designated by 1. For example, & subscript
of 2 will refer tec the assumptions uded in module 2. The key
asaumptions of 211 the madules are detailed in sectian 7.3.1. Refer
to the pchematic Ffor each module 1in figures 7.3 to 7.6 far the
speciftc formulacion for each I .

LOFACA 15 the lowest ischyeral value ar which it firsc becomes clear
to the analyst thar the topography 1s influencing the distribution of
precipitation depths. Confimmation of this influence is assumed to
occur when good correlatlon is observed betwesn the LOFACA isohyet
and one or more elevation contours in the oregraphic pert of the
storm.

How 1s LOFACA Found? A schematic fsohyetal pattern {s shown by the
solid lines in Figure 7.1 to illustrate this procedure. Starb at the
stetm center and follow rhe inflow wind direction out to the lowest
valued isohvet 1n the analvsis (no lower than | in.) located fn che
arographic part of the storm. [f the storm pattern is oddly shaped,
ft may be necessarvy to use m directlon slightly different from the
exact Inflow direction. Any directien within & 22.5 degrees efither
side of the 1inflaw direction which allows comparisons of the sort
descrlbed above 1§ acceptable. The wvector CL in the schematic of
Figure 7. represents the path 1n this storm that !z parallel to the
inflow wind 4nd directed ar the lowest valved ilsohver. Next, draw

Orogrephic
3 Separation Line

-

TP aewt

Pigure 7.l.——Schematic {}lustratiog determination of LOFACA.

two lines parallel to and elcher side of the wvector CL. Each of the
parallel lines will be drawn at a distance from CL of 1/2 the lengrh
of CL. Theme lines are the dash-dot lines 1n figure 7./. These
lines will be called “range lines.” The range lines ead at the
orographic separation line (the saw-tocthed line in figure 7.1) since
only correlations in the orographic part of the storm are Importast
in decermining LOFACA.

The next step 1s to examine rChose [sohyets which intersect the
range lines down wind of the storm center of fschyetal maximum. Such
segments are cons{dered candidate ischyetal segments (LIS} and they
are depicted by the segments of the isohyets PY and QZ in
figure 7.1. The objective [s to determine which CIS has a good
correlation with ropographic features indicated by the dashed
1ines. A good correlation 1s a CIS that persllels one of the
smoothed elevation contours aloog cne-half or wore of 1its length.
When no isobyet is found meeting the criterion, LOFACA is defined to
be zero. As depicted in the schematic, the 4-in. CIS indicared by
the solid line (from P to Y) shows a gRood carcelation wich che Z + 2
and 2 + 3 contours, ®0 the value of LOFACA i» & in. 1f the &4-in.
isohyet in figure 7.l had been along the dected line from P to X,
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LOFAC:

MXVATS:

o
(Y]

there would have been a pootr correlation and the wvalue of LOFACA
would heve been zero for this srom.

The significance of LOFACA is that precipitation depths at and
below this value are asaumed to have been produced solely by
armospheric forces without any additienal precipitstion reswlcing
fErom topographic effects; i.e., they represent the "ninimun level® of
FAFP for the stora. 1If more chan one isohyeral centet exists for the
area size selected, the procedure is followed far eath center. If
the value of LOFACA ts different for two or more of these centers,
the lowest of the values Is used as the one and only value of LOFACA
for that storm and area size.

{AL)

LOFAC = LOFACA + -;l 4.3 2. 1y,

It I5 a refinement to LOFACA based on the concept rthat Al may
prejudice the asstgning of a2 minimum level of FAFP.

The average depth of precipitation far the total storm duratien for
the smallest area size analyred, provided that it 1s nat larger than
LOD mi®. It is obtained from the pertinent daca aheet (P.D.5.)} for
the stotm included in "Storm Rafnfall” {Corps of
Enginearg 1945 - ), Tt 1% used in several modules to calculate
percentages of FAFP. 1f rhe area criterfon caonor be met, the atorm
Is oot used in the study.

When used in module 2 it is the number of analvzed [sohyetal maxima
used o set the average depth of precipitation for m given ares size.

Orographic Separation Line is a line which separates the CD-103
regicn (nta two distinet regions, where rthers are differenc
arographic affects on the precipitation process. 1In one region, the
nonorographic, 1t is adsumed no ampre than a S-percent change {in
either Encceasing or decreasing the precipitacfoen amount for any

storm ot series of storms) results from terrain effects. In
contrasr, the other region is one where the (nfluence of terrain an
the precipication process Is significant. An upper limic of

95 percent and a lower limit of oo less than 5 percent s allowed.
The line may exist anvwhere from a few to 20 miles upwind (where the
wind direction is chat which (s judged to prevail in typical record
setting storms} of che polat ar which the cterrain slope equals or
exceeds 1,000 ft om 5 miles or less with rempecr ro the inflowing
wind direcrion (sec. 3.2).

P, {and A.) LIs a ratie in which the effectiveness of an actual storm
in producing precipitaticon 1s compared with a tonceptualized storm of
“"perfect” effectiveneas. In such a concaptual model, features known
by experience to be highlv correlaced with positive vertical mocions,
or an efficient srorm structure, would be mumerous and exist at an
optimum (not alwavs the largest or strongest) incensicy level.

|'i
=

Thus,

P o= Effectiveness of Actual Atmospheric Mechanisms
a 160

wvhere the numeracor is a oumber berween 5 and 9%

A = Effectiveness of Actual Otrographic Mechanisms
-] 100

where the numeratar fs a number hetween O and 495.

It would have been desirable to express bath Py and A, in physically
meaningful unics; however, this was not considered practical because
the avatlable meceoralogical data for mokt of the storms of concern
are generally extremeky limited. Hence, the present formulation s
expressed in  cerms  of subjective LInferences about physical
paramecers known o be effective in che productien of precipictation
either in major scorms in nonorographic reglons or by considering the
results of flow of saturated air against occrographic barriers. This
type of formulation is required, because of the limiced avaiiability
of mereorological Informatton for rche storms, bur 15 considered
adequate for the purpposes of this report. Mechanically, che
effectiveneas of the parcficular starw 1s derived by using the
checklists in rmedule 3.

The ratic of the nonorographic area containing precipitatlon to Lhe
total storm precipitation area is given by PA. Its laverse is used
when setting a realistic upper limit for I; and Iy (see definition
for PX on the followving page). Areas 1n which the depch of
precipitacion is ILess than 1 fn. are rot used in Eorming che ratio.
In eoncrast to PC, PA does not depend upon the area size beling
conaldered in the storm separaticon method.

When the LOFACA isohyer does not exzend Erom the arographic partr inta
the nonovographic part of the scorm, {t is the ratle of the sum of
the areas in the nonorographic part containing amounts equal to ar
greatey than LOFACA {the numerator) to the total nenoragraphic area
in which preciplcation depths associated with the storm are |l in. or
more, When the LOFACA Lschyer does excend inco cthe nonorographic
patrt of the storm, che numerator is increased by an amount
represeating the area bounded by che LOFACA isohyet and the 05L. It
18 used in module 2 in setting a value far LOFAC. Noce: when
LOFACA 1s zero, PB will be one and LOFAC will also equal zero.

1t 15 used in the formulations of PCT1, PCT2, and PCT3 to take Lnta
account the contribution of nonorographic precipitation Lo total FAFP
(wntch includes FAFP contributions from orographic areamr). It is
expressed as a number between 0 and 0.95 The value of the upper
limtt (s 0.95 because no storm in which wmore than 9% percent of the
precipltation feil in nonorographic ateas wias considered. Thus, some
storms ftom the llst of laperfazac storms were not considered since
they occurred kin the nonorographic reglan.

ff, for the area size being considered, part of the total volume of
precipitation occurred in a nonorographic area, PLC is the racio of



ILE

2CTL:

PCT22:

chat parttal volume to the tatal volume. If none of the cacal volume
was qonorographie, PC = Q. The ratle of wvolumes 13 obtalned by
forming the ratio of the corresponding area sizes first, then
muteiplving that ratlo by an esrimate of the average depth in the
nanorogi-aphic area, and finallv dividing thiz resuit bv the average
depth fer the toral area, both of rhese depths ocecurring ar maximum
duration.

is the smaller of elther BFAC or DADFX multiplied hy (pa)~1 except
when PA = 0, Iin which case PX = BFAC. Once selected, PX serves to
define what is a reallistic uppet limic for 1; and Is.

RNOVAL
MXVATS

MXVATS is used oniy for rhe smallest areq slzea on the P.D.5.

{provided that 1t (s not greater than 10D mi"} because the average

depth at larger area sizes is influenced by how isohyets were drawn.
n

I AR
In

FCTL = PC + {0.95-PC).

PCTI = PC + (0.95 - PC)

it s a number between O and N.95 where n is the number of ischvetal
nmaxima {n the ecragraphic part of the s.orn applicable to the
area/dutation cactegory helng considered. Estimates of F- and B=tvpe
correlatlians are dependant upon the auality of the tsohveral analysis
and upon proper idencification of the precipitation centers lnvolved
tn the area category undet considerstion. When there 1is no Part I
scoom study infarmation available, the analvsc must decide vhether a
veascnable escimate can he made for n. When there are just a few
maxima, each ar a different depth, a reasonable estimate ls likely,
wvhereas when there are nunerous maxima all of which are for the same
depth aad which enclose about the same area, it 1s less likely that a
relfable value for PCT? can be c¢al¢ulaced. When the lazter i{s the
cane, the ansuer (o question 13 in module 2 will be "no" and the
analvst documents this sitwation in module 5 after completing
modules 7 and &,

This 1s the racle [1,5/RCAT where 1; 1a the ratal amount af RCAT that
1s FAFP. 1, is defined by the telationship:

[, = |LOFAC +(HXVATS=LOFAC)PCT2 | DADRF

Substitution of these terms inte the definition for PCT22 leads to
the relationship:

PCT22 = PCT2 + (f‘o?sigs) (1-PCT2)
PCT] = PC + 2 .95-
(P ‘A)(u 95-PC)
a a

It 1s a dimensionless oumber uvsuallv between 0.05 and 0.95,
rapresencing the percent of the total depth of precipitation for a
given area’duration categery attributable to the atmosphetic

praocesses alone. It 1s obrained not oniv by considerimg primar{lv
meteorological informatfon, but also by considering the followlag
minimal 1ist &f addicionel infermatien: a P.B.S. for the storm (DAD
data) Including che locatien of the scom center; a chart of sasothed
cortours of tervain elevetion; and precipitation data sufffcienr to
define where precipitation did or did aot oceur. More detalled
precipitation informarien is wded, when available.

The rtange of 0.05 te 0.95 is considered ressonable, because 1t s
postulated that the orographic influence never completely vanishes,
and when the orographic influence is predominant, precipitacion would
Aot contipue without some contribution from actmospheric forcing
nechanisns. Though nat expected ro oceur, it {8 conceivable Ehat
PCT3 may exceed 0.95 4if cthe estimated orographic forcing was
dowvnslope, actually decreasing the tocal posaible precipitation.
This matter 1s discusaed further (n cthe sectlen dealing with
module 3. The forwulation for PCTI s meant re applvy onrlv to major
storms and deffnizely not te minot storms wvhere negatlve terrain
foreing on lee sloves might approach, or exceed, the magrnicude of the
atmospheric foreine.

RCAT: The average depth of precipitation for the selected categorv. The
“CAT™ 1indicates that Lhe parameter R 1z & variable depending on
category defirdtion.

RNOVAL: Repregentative nanorographic wvalue of precipitation. It 1s the
highest observed amount in the noncrographic part of the storm. The
value aof RNOVAL 1s not adjusted to the elevacion at which MXVATS is
believed to have cceurred, RNOVAL and MIVATS must result from the
sane atmospheric forces (sctorm mechanism).

7.3 Backgrouod

The SSM was developed Ln the present format because four distinct sets of
precipitation information were avallable for record=-setrimg stotms in the CD-103
reglon. These were:

1. Reported total storm precipitatlon, used in module L.

2. Isphyet and depth-area-duration analyses of toral storm precipitation,
including Part 1 and Part 1T Summaries, used in module 2.

1. Meteorological data and analvses therefrom, used io medule 3,
L' Topographic charcs, usad In all modules.

Sin¢e the guantitv and quality of the information fn the first three of chese
sets would vary from sterm to storm, it was concluded that a metheod which relfed
on just one of che first three sets (along with topographic charts) might be
quite umeicss for cettain stotms. Alternatively, one could have a SSM which
Always combined information from the first three sets. This choice was rejected
£ince, for wost of the stomms, ane or more of the mets might contain no useful
informarion and hogus data would have to be used. Clearlv, the 55% depends on
the validity of the input information,
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Pigure '.2.—Main flowchart for S55M.

Four secs of information are used in cthe S5M to produce up to Elva escimates ¢
FAFP. for area categories up te 5,000 mi’ and duraticns up ta 72 hr for scorr
with major rainfall centers in areas classifiled as “orographic.” The mechanic
of the procedure used to arrive at one numerica! value of FAFP for anv relevan
area/duracian {(A/D} category fer anv qualifying storn are accomplished b
coppleting the tasks symbolically represented in a MAIN FLOWCHART for the SS
(E1g. 7.2) along with its assoclated SSM MODULE FLOWCHARTS (fig. 7.3 to 7.7) wit
ceferences to the following items:

. Closaary of Terms (sac. 7.2),

2. Concepen Eor use of the modules (sec. 7.3.1).

3. Specific quescions to be answered in che HAIN FLOMCHART and the MODUL
FLOWCHARTS .

7.3.1 Bawic Cowocepts

The walidity of the technigues in the $3M depends on the validitv nf ch
concepts upont which thev are based. FEvaluarfon of rhese concepta Is crucial i
the application of the procedure. A relative evalumtion of the validity of th
concepts underlving the ind{viduai modules will govern which of the flve possibl
valuoes will be used for FAFP for a given A/D CALBEOrY. The evaluation 1§
formalized in module 5 (column E) of cthe SSM based on the analysts evaluvation o
the various concepts. Several concepts are hasic to acceptance of the pracedur
a5 a whole (all modules) while othets relate to the evalustion of {ndividua
nodules.

Todelal Overall Hethod. The tocal depth of precipiratisn For a given A/:
category is composed of precipitatian that rtesulcs from atmospheric Eorces an
from the added effect of arography. The method asmumes that the effect o
orography may either contribute to or take away from the amounc of precipitation
that {8 produced by the atmoaphere. When the orographic effect 1is positiwve
(expressed as a percentage contributian to total precipiracian), 1t mav nat b
leas than 5 percent. 1f ft s also assumed chat the terrain surrounding che
locarion where a glven storm of record cccurred had been transparenc; f[.e., hac
ne effect on the atmospheric faorces acting there, the resuiting total precip-
Ltatton would be che same as the Free alr farced companent of precipltatian for
the actual storm.

It is assumed that the FAFP never complecely dlsappears in starms of record.
and rhe total wvolume may cantain comtrihbutfons ower borh the orographic anc
nenorogreaphic areas. The further assumption 1s mede that, when nc ocher
Cnformatton is available at the shorter durations, infarences made fror
precipitation depths valfd at max{mum storm duration for a given ares are equall:
valid for the same area at shorter duratians down te and including the minimur
duratian categoty.

7.3.1.2 Module |I. There are chree components that wunderlie the use of
precipitation ohservations in the escimation of the contributlen of the
atapephere rto the prectpitation amounts in storms. tThese are:

I. If free atmospheric forcing in the nonorographlc part of the storm hac
been smaller cthat it was, the value of the maximum depth of

preciplitecian would have been praopercionally less.
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2. The FAFF in the otogrephic reglon of the storm 1s approximated by the
mexizum precipitation depths In the nonoregrsphlc region, as long as the
same atmospheric forces are Invalved at each location.

3. Estimates of the FAFP based on assumplions | and 2 are better for small
rather than Lntermediage or large area sizes.

7.3.1.3 Module Z. This module uses an ischyetal analvsis of the precipitation
date to evaluate the free air forced component of precipirarion. 1pnherent in rche
use of this module [3 the existence of an isohvetal analysis based on adequace
precipitation informaticn and prepared withocut undue reliance on normal annual
pracipitacion or orher rafnfall indices which mav iaduce a spurious correlation
between the precipitation amaunts and topography. In additten, cthere are five
other concepcs underlying this maodule. These are:

l. One or more than one level of LOFACA may exist in the orographic part of
a storm. When more than one scorm center [s contained fn a given area
cacegory, the lowest level of LOFACA found 15 used for that area aize.

z. LOFACA exists when there 15 a good corretacion berween some isobyet and
elevation contours.

3. Upeleping and triggering (F= and B-type correlatlons) are of equal
significance in determining the percentage of precipitation above LOFACA
which is cerrain forced.

4, For an orographic scorm {centered in th orographic partion of the
region), the larger the mnonorographic portion becomes (lp telstion to
the total storm area), the wore likely rhat cthe observed largest
rainfall amount fn the noncrographic portion {as represented by DADFX)
ie the "crus” upper limit to FAFP in the arographic part of the grorm.

5. Estimates of FAFP using the above assumptions are better at Intermediate
and large rather than amall area sizes.

7.3.1.4 Module Y. This module makes use of the meteorclogical analysis and the
evaluaticn of the Lnteraction of dynamic mechanisms of the armosphare with
tercain to estimate the FAFP. There sre seven baslc concepts underlying the use
of this module. These arer

N Eatimates of FAFP nade using the techrioues of this module mav be of
marginal reliahility if the storms considered are chose produclng
moderate or lesmer precipitation ampunts.

2. A wvarlety of storms exist, each ane of whick bas an optimum
configuration for producing extreme precipitation.

3. The more clasely the atwmospheric for¢ing mechanigms for s given storm
approach the ideal effecciveness for that type of sterm, the larger the
effectivensss value (P ) for that storm becones-

' The FAFP Is directly proportional te the effectiveness of atmospheric
forcing mechanisms aod 1invarsely praportional to the effectiveness of
orpgraphic forcing mechanisms.

2. 1f the effectiveness of the crographic forcing mechanisme 1s of opposll:
sign to the effecriveness of the armospheric forcing wmechanlems and o
equal or larger magnitude, llttle or no precipitaticn should occur.

6. The FAFP of storms of record is arbitrarily limited te no more thar
190 percent of the maximum precipltacien depth for the arealduratior
category under consideration.

7. Eatimates of FAFP using the above assumptions are better st large rather
than st {ntermediate or small ares sizes.

7.3.1.5 Hodule 4. A bamic sssumption underlying the uwse of module & 1s that
petrer rTesults can be obtained by combining information; f.e., aversgiog the
percentages cbrained from the ischyeral antlysis with the meteorclagical analysis
and those obtained from analysis of cthe precipitation opbservations with the
wetearological analysis. Betrer estimates are produced by averaging when there
is little difference in the expressed preference faor any one of the techniques ar
sources of information aad, alec, when the calculared percentage cof FAFP fror
each of the modules exhlbits wide differences.

Litrle 1s to be gained from use of the averaging technique over estimares
produced by one of the tndividual analyses of modules 1, 2, or 3 when:

1. There ave large differences 1in the expressed preference for the
techniques of one wadule.

2, The mources of information for one of the individual modules 1s
definttely superfor.

3. The Calcl.lllled percentages among the madules are in close agreement.
7.4 MWethodology

The 55M was developed {n a modular framework. This permits rhe user to
coneider anly those factors far which informacion is available for an (ndividual
sCors. A MAIN FLOWMCHART of the 55M is shown in figure 7.2.

The MAIN FLONCHART gives the user an overview of the 554. Hodules 1, 2, and 1]
are deslgned to use the first three information sers mencioned in sectlon 7.3 as
indjeated hy the remsrus column ac the lefr =zide of the flowchart. A decisien
must be made inttislly for any storm and cacegory as to which modules can be
appropriately used, module 1, 2, or 3. The decision 1s based on a minimum level
of acceptability of the Information required by the podule in question. The
decisions ate formalized For each of cthese three modules in module 0. The heart
of the SSH procedute 15 module 5 where documentation ls wmade of the 55H process,
theteby permitting traceability of results. Though module 3 can be reached on
the flowchart only afrer passing through each of the other madules, it 1a
recommended that the srteps in each module be documented in the record sheer of
wodule S5 ap the analyst proceeds. Transposition and molsture maximlization of the
index value of precipitatien follows the completton of the S5¥ and will be
discussed $o chapter 3.
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J.4.] HModule Flowcharte

Thete is a Elowchart for eath module. These were developed to ald the analyst
tn fallowlng the ptocedurss Le the SSH.

7.h.1.1 Module O Procedure {fig. 7.3). It is important in this module to decide
an the adeguacy of the avallable daca. The results of thiz asssenmment are
antered 1n column D of figure 7.8. The following rules concerning criterla are
used:

1. For modules 1, 2, ar 3, 1f there are nc dgta aveilable for the given
techolque {module), assign 0 to colunn D.

2. If the data are judZed to be highly adequate, assign a value of either 7,
&, ar 9, vhere % 1s rhe most adequate.

3. 1f the guantity, consistencv, and accuracv of the infotmarion are judged
to be adequate, agsfgn a value of either 4, 5, ar 6 to column D.

[N 1f che inpuet informacion are judged as neicher highly adeauate, adequate,
or missing, a value of either 1, 2, or 3 must be assigned to columm D. A
value of | {5 rthe lowest level! of adeauacy consistent with affipmative
redponses to questions 3, %, and 7 in module O,

An evaluation of a ctechnique 1s not appropriate when Lhere 1s insufficient
information, availshle for it to bHe used. Assigning an effective value of zeto to
column D under these circuymstances eliminates the peasibvilicy.

The Glossary of Terms provides ail requlred informacion needed to give
numerical values (o the five varlables in the first step of the madula O
pracedurte. Note: 1n this module and in modules 1, 2, and 3, the connector
aymbol (C) applies only within the given moduie; 1i.e., when one 1s sent to e
connector symbol it is always the one that is found in that mcdule.

The following questions need to be answered in this module:

Q.}. 1s PC equal to or greater than 0.957

G.2. 15 there a MXVATS for an area sizre equs] to or less than 100 rll2 on
the Pertinent Daca Sheet far this storm?

0.3. Are the quancity, quallty, and discributfon of the nonefogranhic
observacions sufficlent to select a reliable value for RNOVAL?

D.4. 15 an tsohyetal analveis available?
7.5. 15 the lsobyetal analysis teliable?
Q.6. 1Is a relfable isohyetal analysis easily accomplished?

0.7. Are the meteprologlcal data sufficlent to make & rellable estimate of

By oand A7

N.8, 1s RENOVAL equal ta zerq?

REMARKS:

[SET: RCAT. MXVATS, DADRF, BFAC, EJ

MINTRY MZNTRY, MINTRY ARE
VARIABLES WHICH S5TATE WHETHER
R NOT A MODULE WiLL BE USED.

zTRv=o} (0

USE «sa IN COLUMN E, OF
MODULE 5, W MOOULE ENTRY
VALWE IS ND l.s, MZNTRY=NOD

[SET VALUES FOR COLUMNS D. & E. IN MOD. 5 |

RETURN TO MAIN
FLOWGHART

15 A VARVABLE WHIGH
DETERMINES WHETHER CERTAIN
STEFS 1IN NODULE 4 MaYy BE
ELMAINATED.

Figure 7.3.—Plowchart for module O, 55M.
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REMARKS:
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RNOVAL
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Detam PcT ] FCTA=PC & —ea7s °

|j[Ir.RCAT *PCT 1
RETURN TD MAIN
FLOWCHART

Pigure 7.4 .—Flowchart fotr moduie 1, SSM.

7.4.1.2 Module I Procedure (fig. 7.4}, Thia module comes closer than any other
in estimating a value for FAFP based on observed precipitacion data. The kev
variazhles RNOVAL and MYXVATS are based on direct observation, even though in some
circumscances uncertalnty surtounds cthe accuracy of thesa cbsarvacions. The

actual values selected deperdd on rthe placement of the DSL (wec. 3.2.1) fn th.
vicinity of the storn under consideration. Additionally, an analytical judgmen-
sust be made concerning the atorm mechanism that resulted [n HXVATS and RNOVAL.
Lf there is aore than one stom wmechanism involved in rthe storm, the valu
selecred for ANOVAL must result from the same wechanism that produced MXVATS.

The following questions are asked in module L:
Q.9. 1Is this the first time in this module for thls stocm’
0-10. Has che analyst just arrived hare from module & to do a review?
D0.k1. 1Is RNOVAL equal to MAVATS?
Q.12. Ts a review of the data and assigned values for the variable needed?

1f it ie a good assunption that RNOVAL will usually be cbaserved at a lover
elevetion than MXVATS, then there 1s s blas roward relatively large values Ffor
PCTL in relation to the other percentages from the other mdules, since total or
cumulaCive precipitable water usually decreases with increasing elevation. The
viability of PCT1 depends on the density of good precipitation ocbasrvarions on
the date the storm occurred.

7.4.1.3  Hodule ? Procedure (Eig. 7.5). In this modulte, the average depth of
precipitacion for a given area~duration category s conceivad of as a column of
water composed of top and battom seactions (where the bottom section can contaln
from 0 to 95 percent of the total depth of warer). The limit to the top of the
bottom section Ls sec by the parameter LOFAC. The bottom section is conceived to
contain  anly a minimus  level of FAFP for the storm. The tap section contains
precipication that repults [rom orographic foreing, and perhaps additional
atsospheric forcing. The percent (1f any) of the top section that results From
atmospheric forcing Ls derermdnad by the F=type and B-type correlatians. The
vélue compured for LOFAC 13 sensitive re the accuracy of the isohyetal aralysis
for the storm. This sensitiviry muyst be taken into account whes evaluating
module 2 procedures in column E of module 5.

The procedure 1n which the precipitation Is divided fnto two sections, is
represented also In the expression for PCT22, which may be rewritten as:
LOFAC LAFAC
PCT22 = BCT2 (I - _r&'vﬁ) * WHVATS
Thete are three cemme on the righr—hand slde of the above equation, The
rightmost of these terms i5 the minimum level of FAFF for the whale column
exprensed as 2 percent of the total and is the bottom section of the idealized
column described above. The product of tha firsc Etwo tetms on the tighe=hand
slde of the eguatlon desctibes the rop section of the idealired column, where
PCT2 1s the percent of the top section artsing from atmospheric foreing and the
second term fs the depth of tetal precipitation wious the minimum level of FAFP
expressed as a percent.

LOFACA (s set to zero and LOFAC becomes zero when a geod correlarion cannot be
found between any of the isohyets and the sievarion contours upwlnd of the atorm
cencer. Zere 1§ the numerical value that is appropriate for a minimum level of
FAFP for the storm. Here 1t is assumed thar the botcom sectfon of the ideallzed
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Figure 7.5.~=Flowchart For module 2, SSM.

column 15 empty (wminimum level of FAFP = 0), and beth F-type and B-tvpe
carrelations will detarmine the appropriste level of FAFP far the storm. The F
and B correlacions, to properly eatablish the appropriate FAFP, are determined
nearby and upwind from che storm center.

As in module 1, an analytical judgment mwust be made on storm mechanism. In
podule i, it was regquired chat MXVATS and RNOVAL are the result of the sane
dynamic process. In module 2, it is necessary to determine that RNOVAL and HYFX
sre the Tesutt of the same atmospheric forces (dtorm mechanism).

The following questions are asked in module 2:
G.9. 1a thia the first cime in this module fer thia storm?
0.1G. Has the analyst just acrived here fros module & to do a review?
0.12. 1s & review of the data and assigned values for the variable needed?

0.13. Can it be decrermined which lsohvetal maxima control{s) the average
depth for the category selected?

G.i4. Is there good correlation between scme Ilsohvet and the elevacion
contours in the arographic part of the storm nesr the storm center?

0.15. 1s Iy less than or equal to PX?

A feature of module 2 not to be overlooked is the consequence of a negatlve
Tesponse to question 15 sccompanied by & negative response to question 12. In
thig case #n arbicrarily defined upper limit {s set on PCT22 and [;. The upper
limit will be the smaller of twos nunbers. The selection of BFAC as one of these
nuabers [s obvieus when one considers that orographic forcing way be elther
positive or negative. The second factor is a consequence of the concept that che
largetr PA becomes, the more likelvy the second factor represents the crue level of
FAFP, aince with a large value of PA the laTgest abserved rainfall amount in tche
nonoragraphic pertion Ls more likely to represent a true upper liwicrC.

LOFAC 1is always a nuaber equal to or slightly less than LOFACA. This 1s so
because it 15 possible thac the minimum level of FAFP s reached before the
arbitrarily set analvysis interval allows 1t to be “pleked up.” 1t is reascned
that the larger the area “occupled” by the LOFACA fachyet Ln the nonoragtaphic
part of the storm, the more likely chabt the analysis interval has “pleked up™ the
described depth. When there £s no nanorographic portion to the storm, the
parsmecer PH, used to et 4 value for LOFAC, becomes undefined {see defianition of
8. Consequencly, 1n the module 2 FLOWCHART it musc be determined whether a
nonorographic portton of the storm exiats when there is an affirmative response
to question L4, [f so, a reasonable valvue for PR 15 zero. The censegquence of a
negative rTesponse to question !4 1s rhat LOFACA must he zero. Regardless of
whether or not & nonorographic part of the storm exists, LOFAC must not be less
than zero and this 1s enpured by sstring PB equal to 1.

T.A.1.4 Module 3 Procedure (fig. 7.8). This module uses meteorclogical and
terratn information to evalusre an appropriate level of FAFP. This 1is
accomplished thraugh evaluation of P, and A,.
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P CHECKLIST The Eollowing guidelines are provided ta ald in the evaluation of Py, an the
2 checklint given in the flowchart {fig. 7.6):
Cat. Para- A B c 1]
Dars |mecer | /3 -05- |1-3| Bag 1. Use coluen A to indicers (by a checkmark) the presence of pne ar mare
%5 features which infer positive vercical @otion, or which mav cantribute
Tso. Pto teward an afficient storm structure.
Sur-  Irronts
face Waves 2. Take as a basis for comparison an ideslized storm whieh contalns the
5q.Ln. same  features or phencwena that were checkad off in column A and
Ocher Indicate in coluan B, by selecting a number berweesn 0.05 and 0.953, che
Upper |muassw degres to which the effectivenesns of the selscted actual storm
Alr Cutof featutes/phenomana (in  producing  prectpitstion) approaches the
Block~ effectiveness of the same Features/phenomena in the fdealized storm.
ing Where wore than one Feature/phenomencn iz selected For a glven category
JerStn of meteorological information, Lt is the aggregate effectiveness which
ot har is conaidered and recorded in ¢olumn 3.
Rawin- Sta= 3. Repeat ateps 1. and 2. for each category (surface, upper air,...,
conde bilicy ochery) of meteorological data.
Shear
Other &, 1f the quantity snd qualitvy of the Information permits, the degree of
Diver. convecrive—acale foreing may be distinguished From Foreing due to larger
Satel-|Merger scale machanisns. 1f convective-scale forcing predominates for soms
lite |Mce ares/duration categories and larger mcale foreing &t athets, then Etha
Other velye assigned in rolumn B may vary by srea/durstion category; f.e., the
LEWF same effectiveness value may be differenct for each categary of a Riven
Radat |Merger trare.
Others 5
. In column C an eppartunity is given to aasign one CALegfOrY A greater
Other” tnfluence on !'. in relation to the others by wssigning weighted
[13- RCAT % PCTJI values. For adch applicable category the value in column T is the
Durarion {%) product of columns B and C, F, is obtained by dividing the total of
Totals = colusn D by the total of column C.
P, = Total D/Total C = 6. Meteoralogicsl dats categories, for which there is not sufffclenc
RF;LL}[;W TG MTNN information from & particular stors, wre disregarded in P, calculatfons
CHAR A CHECKLIST for that stomm.
- - - - - = - — - = A X B
RENARKS mys. |0- 7. When effectiveneas charges with the selected duration, the resulting
. Pazameter val. |+.95|1-1} BrC value in colusn B is weighted by duracion; chis process is to be
PETI=PC + " (.85-PO) Mo Divec distinguished from the welghting mentioned in (5) above.
I .
Inflow Speed A, 18 a measure of the effectiveness of the arographic forcing effects. The
Gradient of fuchnrlng guidelines are used to aid in evaluating Ayt
Elevation
LEGEND 1 Indicate in column A the value (in physical unics) far the ftrsr Five
Stabilicy parameters. If any of these parameters change significantly during the
- . ; . durstion category selecrad, indicate in the duretion box the percent of
:g; - ;::::::LVE:::::iv:d;:‘i:x: g;z::inn T3 cime esch aof che values pecsists. To obtein the lardest value in
LEWP = Line Echo Wave Patrern Torale = column B (largest effectivenams) observe the jolnt occurrence of cightly
packed 1scbare (high wind speed) perpendicular te steep slopes for
Ao = Total D/Total C = 130 percent of the durevion category selected. Another way to look atr

this is to combine the Ffirst three paresecers inte a vertical

displacement parameter, W,, from the formula W, = ¥V % S5, where V 1is the
Figure 7.6.—Flowchary for sodule 3, SSM. P ment re o
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component of the wind perpendfcular to the slopes for the duraticn being
conpldered In kt and 5 1s the slape of the terrain in Et/ai. The
effectiveness of W is then compared with an 1idealized value
Tepresenting 100 percentr effectiveaeas. The measured steepness of the
slopes 1n the CD-103 region depends’ <n the widrh azross whizh the
measurement |3 made, For a small distance (less than § mi.} a valwe of
0.25 is about the largest to be fouad, while for a large distance
(greater than 80 mi.) a value of Q.06 is about the largest. A coamponent
of mustaired wind normal to such slopes of 60 kt 1s mssumed to be about
the largest attainekle In this region. Therefore, a W, of 15 %t for
amall aress and of 3.5 kt for large areas are the values which would be
considered highly effective.

Norne of the orographic sterms studled accurred 1in places where the
measured steepness of the slopes came near to the values just
mentioned. Consequently, the vertical displacements observed for asmall
areas were from .02 kb uwp ta near 2 kit and propartionally smaller far
the larger areas for these scorms. Therefore, the effecriveness value
used fn the top box in column B was scaled to cthe values observed in the
stormg of record; l.e., a W, of close to 2 kt wss conaidered highly
effective for small areas.

The inflow level for the storm is assumed o be the gradient wind
level, and 1t {s further assumed that the surface isobaric pattern gives
a tree rteflection of that wind; 1.e., Che direction of the inflow wind
ic parsllel to the surface fsobars and 1lts speed proportional to the
spacing of the fisobars as wmeasured ar the scorm location. When
rawinsonde observations are available In the immediate vicinity of the
stotm, they are used as the primary source of information for wind
diracrion and speed.

When thete is a sufficiently large namber of wind observations, the
average values of ditection and speed are usaed for the duration
consldered. [f the level of wind varisbtlity is large for the duratfon
consfdered, the represencativeness of the data 18 scored low in calumn €
of module 5.

The fourth parameter, stablility, musct he considered in combination
with the firet three or W . Highly stable alr can have s dampening
effect ©a the helght reached by inicially strong verticai displacement
{and consequently, the size to which clouwd droplecs can grow). 1In a
bighly unscabie econdition, vertical displacements of leas than 2 kt can,
through buoyancy, reach great height, thereby producing rainfall-sized
droplets. The effectiveness value for gtabilitv 1s placed {a the second
box from the top im column B, Weighted values corresponding to the Lwo
top bores of columh R are placed in the two top bexes of column C ta
reflect the combined effects of Hc and stablliry; 1.e., in the case
where fnstability causes moderately weak displacements to grow, the
stabliity "effectiveness” would be weighted strongly (given a 3) and the
cosbined first three paramegcers weighted wveakly (given a 1),

Entries in the ather considerations box (for example, the shape of
tetraln features which may cause “fixing”™ of rainfall) need not be
considered as dependent on che £irat four paramecers.

The value for A, is ther aobtained in the same manner as described in
guldeline 5 for P,.

When evidence indicates that the crographic influetice is negacive; L.e.,
taking away from total passible prectpitetion, the values in column B
are wade negative and when the condit{ons are borderline between
positive and negative, they are made zero. Negative oarogtaphic
influence, when occurring in a starm where the atomospheric forcing
approacheg {ts conceptuslly optimun state, may cause &ome CATERATY
values of PCT) to exceed 1.0 resulting Ln FAFP larger than che tocal
atore average depch for that category- The conventions of wmodule 3,
however, do not permit values of PCTI to exceed L.G.

The remarks section of wmodule 5 should be used to document where the
elevation gradients (AZ} were measured. Far small areas, this would
typlcally be at a point upwind of the largest report/ischyet. Fer
largetr areas, the average value from sevetal locations may be used, or
{f ane location is represencative of the aversge value, it alone may be
used. Sometimes the gradiesnt 15 measured both upwind and downwind of
the storm center ({where inflow wipnd {s used) 1f rcthe wvertical wind
scructure 15 guch thar a storm updraft initiated downwind may be catrried
back over the storm location by the winds aloft ta coantribute additional
ampunts to the "In place” amounts.

The overridiag impartance of applying this module onlv ro majer storms
cannat he overstressed, The consequence of “rusnlog through™ a
frequently cbaerved set of conditiona i that, by definition, the values
for both P, and A, will have to be quite small. When both parameters
are small {less chan ahout .4) 2 sensitivity studvy (not included here)
shawed thar small differences in the values assigned to Py and A, (the
independent variables) would produce large differences in the value of
the dependent wvariable {PCT3). However, 1t doea net follow that the
definitien of P, which perairs a lower 1imic of ferc la incortect. A&
storm can rteapanably be postulated in which the extreme amounts were
traceable to exceprional oregraphic forcing and, thus, both terms would
not be small (PCTY in this case is 5 percent). Not only are “infinite”
values for PCTI removed by the FLOMCHART comstrainrs, but a value of
tero in the denomimator of the catio F‘f(Pa + AOJ 1a a violatlon of the
concept that if the oreographic fercing negated the acmospheric forcing,
na matter how large, little or no precipitation should oceut.

The "model” enviesioned {n module 3 {(as distioguished from the "model”
of rodule 2 Just discussed) follews from the concept chat FAFP is
directly proportional eo the effectiveness of atmospheric fotcing and
inversely proportional to the effectivensss of the orographic [forcing
mechanismg. The rate at which an imaginery cylinder fills up {whose
cross-sectional area is the same as the area category being used) is
directty proportional Lo the candensacion Tace produring the
precipleation which falls finto the cylinder. The paramount Ffactoer
determinfng the condensation rate ls the vertical component of the wind
resulting from both atmospheric (Pa) and crographic (Ao) forcing.

The following questiaons sre asked in this module:
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Q.12. 18 a review of the data and assigned values far the variable needed?

G.16. Does thete exisz, or is there sufficient informsticn available co
canstruct, sz map of where at least | in. of precipitation did or did
ot gceur for this grorm?

Q-17. Is A, less than zero?
G.18. 1Is (are) the storm center(s) incorrectly locsted on the terrain map?

The remaining portions of the module } FLOWCHART, not discusaed above, are
s{mple and straightforwvard.

7.4.1.5 Module 4 Procedurs (fig- 7.7). It is not contemplaced that a computer
program will be coded from cthe MAIN or MODULE FLOWCHARTS because the
determination of the appropriace PCT's and I's 1s done easily manuvally. There is
ne real reguirement €or the variable PASS to be in the module & FLOWCHART. It 1a
included only to make it obvipus that the first part of the FLOWCHART should ba
skipped when returning to module & from a review of data (n madules | and 3. The
purpose of this module is siwply to create two additional indices of FAFP on the
asgumption that an averaged value mav be s bettsar estimate than one produced in
wadules 1, 2, or 3.

A preliminary tesr of the SSH by six analysts each using six different storme
showed that 1t was quite tete thar one analysc would select a2 high {low} value
far a PCT when other analyats were selecting low (high) values given that the
Interval range was the one shown In the right—hand remarks eection of the
module 4 FLOWCRART. Thus, & reviev is required of relevant information when an
average percentage is to be created from individual percentages differing by two
intervals.

PCTI was nat averaged with PCT2 because modules | amd 2 conceive of the
ldealized column of precipitation representing the average depth for a given
area~duration category in different ways; i.e., there is no minimun level of FAFP
censidered in module 1.

The following guestiens are asked in this module:
Q.12. Is a review of che dsta and assigned values for the variabie needed?
Qq.19. Is 15 Less than or egqual to PX?

Those conceprs of the module 4 FLOWCHART ot discussed above are
stralghtforvard.

7.4.1.6 Module 5 Doowmentation (Fig. 7.8). It should be noted again that even
though cthe MAIN FLOWCHART shows that wmodule 5 is not used until module 2 andfor
module 4 have been complered, this was dane only to keep the diagramming of the
MAIN FLOWCHART and the MODULE FLOWCHARTS relacively uncluttered hy variables not
vretated to the cask at hand. Even though documentation can avait completion of
module 2 and/or module %, it ks prefarable to document the value agsigned to a
variable as soon as 1t is determiaed.

— —— —— vn —

0= In
tervale

TURN TO MAIN
FLOWCHART

REMARKS
Inteeval Rangs ot
Clasn Pyresnl
LOw 0~ 35
MIDOLE 3665
HIGH 66- 100D

19, '8
Y N
|s=PX
M1NTRY
MINTRY = YES T
CT A
vs Q|
cT 2 Intar
0=1 1a vals N
tarvele
b: acnf[cpc'ru-pm:n/zﬂ

PASS = YES
M2NTRY = NO

GO 7O
MOOULE 1

Figare 7.7 .—¥lowcharr for sodule &, S5M.
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Obvigualy, the ncheme is deaigned to permit selectian of I, Iy or I3 when thera
is & strong preference for one of thew and to aelect [, or Ig when there fa
Litcle overall preference. In the case whera chere le some preference for a
given module and some agreement between the index values generated therefrow, the
analyst wust mske a deciwsion as to which index is to be preferred. The range of
values used To represent index agreement categories was based on values actually
selected in & test Involving eix differenc analysts working with six differeat
storns.

The final wvalue umelected Ffor FAFP ig determined by the largest value in
colunn . 1f the same vazlue has been conputed for more thaes one index value, the
index with the largest subseript is selected (12 over 1), 1y over Iy).

7.5 Exsmple of Application of S55M

One of the most critfcal storms for determining the PMP in che CD-1031 region
occurred ac Gibson Dam, MT on June 6-B, 1964 (75}, Flgure 7.9 ahows the
conpletesd module 5 worksheet Eor this aterm for the 24-hr LO-mi* precipicacion,
The Final percencage selecced for this storm was 61 percenc For PCT5. This mave
an FAFP of 9.1 in.

7.6 Application of S5 ra this Stody

The SSM was used 1o Chis study to estimate FAFP for just one category, 1O w?
and 24 br. This category was selected as the key {index} cactegory for this study
for seversl reasons. The flrst reason velates to ares size. In determipacion of
the effects of arography on precipitatioa, it is easiest to isclate these effects
for che smaller areas. In addition, 1f larger area sizes were used, tha
determinatian of the orographic effects For computaticn of the final PMP velues
would have been very comwplicated. At some transposed locelion, the increase in
precipitation as a result of orographic effects for a very small area can ba
determined with liccle ambiguity. 1f a larger area {e.g., 1,000 mi*) was used,
the effect of rterrain at a transposed location would be related directly to the
ahape and oriencation of the 1,000-mi° area selected. This factor, therefore,
indicated use of the IN-ni“ area 23 most appropriace.

The 24=hr duration was aelerted because of the reliability of dacta For this
duration. For storms before 1940, the smount of rtecording raiogage information
tn relatively mparse. Determinacion of amounts for durations less than 24 hr for
these atorms fa hased on only limited data. Tols indicatesr use of a srorm
duracion of 24 hr or lenger. A raview of the important storms in thils region
shows several that did not last the entire 72-hr cime period of interesstr in the
present study. Most notable of these are the Gibson Dam, MT atorm {75} and the
Cherry Creek {47), Hale (LD}), CO storme. These two factors made selection of
the 24~hr duration @ost appropriate. Selection of this duration also had the
advantage of minlmiziag the extrapolation required ta develop PMP entimates for
the ranga of durations tequired tno Che srady,

DOCUMENTATION, AND_JNDEX SELECTION
TORT LD/ DATE, RDHARRS G bsen Dam, TAT CH)  Gre-B/dw

0D PARAMETER VALUE EVALUATION SCALE: COL.D 9-3; COL.E 1-3 MODULEY
TAT FGemi 371 ¥ M- |1~3: COL.F: IS THE SUM OF COLS. DGE. £OL.D;
RCAT re. 4 EOW ADEQUATE IS THE INPUT INFORMATION FOR THE
BFAC VL BEQUIREMENTS SET BY MODULE'S TECHNTQUE. COL.E:
# | MXVATS je.n HOW LIKELY IT IS THAT THIS TECHNIQUE WILL E5-
DADRF 8 [ TIMATE THE CORRECT INDEX VALUE EASED ON ITS
PA . #e ASSUMPTIONS? FOR MODULE 4 5EE SELECTION RULE.
PC -] OVERALL BULE; SELECT INDEX VALUE WITH LARCEST
COL. F SCORE. LARGEST SUBSCRIPT BREAKS TIES.
HEMARKS D JE]F
RNGVAL 1.5
1 [rem %3
L
i: L 2172 1%
LOFACA :::
P .1
LOFAC 7
HIF% b o
Z | DADFX 5.
-1
PA 2.5
PX 137 716 |13
n
Ilres) |.8+.¥The
b L ¢ .57
I 0.7
PCTR2 T
coLimm A E 1 C |mmasmeter adiavatic
INFLOW DIRJO RO | sat mratrad
INFLOW SPD {2 §ma ] ot ieanle
GeAD. ELEV. o8¢ .8 | J nas net appl
ShAD. ELEV
1.0 Grad. Rlay manswrad
STABILITY | e & 1 f upwind of sehygral
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Mygura 7.9.—Compilated module 5 docmentstfon form for Cibson Dem, WT stors (75)
of June 6-8, 1964.



HMR 57 CHAPTER 6. STORM SEPARATION METHOD
6.1 Introduction

The storm separation method (SSM) is an outgrowth of practices that were
initiated in the late 1950's for PMP studies in orographic regions. HMR 36 (USWB,
1961) is one of the earliest reports to discuss PMP development in terms of orographic
and convergence precipitation components. Convergence precipitation in this context
is the product of atmospheric mechanisms acting independently from terrain
influences. Conversely, orographic precipitation is defined as the precipitation that
results directly from terrain influences. It is recognized that the atmosphere is not
totally free from terrain feedback (the absolute level and variability of precipitation
depths in some storms can only be accounted for by the variability of the terrain); but
cases can be found where the terrain feedback is either too small or insufficiently
varied to explain the storm precipitation patterns and in these cases, the precipitation
is classified as pure convergence or non-orographic precipitation.

PMP studies, such as HMR 36, 43, and 49, were based on determination of
convergence and orographic components through procedures that varied with each
report. With the development of HMR 55A (Hansen et al., 1988), a technique was
utilized that had some similarities to previous studies, but was based on determination
of convergence amounts from observed storms. Convergence precipitation in that
report was referred to as free-atmospheric forced precipitation (FAFP). The technique
used in HMR 55A is complex and involves the analyst tracking through a set of
modules in which knowledge of observed conditions and experience are used to arrive
at estimates of the FAFP. The estimates are in turn weighted, based on the analyst's
judgment of the amount and quality of overall information, to obtain a result. This
process has been referred to as the storm separation method (SSM) and is described at
considerable length in HMR 55A.

Since the development of the SSM in HMR 55A, the procedure has been applied
in a number of subsequent studies (Fenn, 1985; Miller et al., 1984; Kennedy, 1988; and
Tomlinson and Thompson, 1992). Through these various developments, the SSM has
undergone minor refinements. The entire development discussed in HMR 55A will not
be repeated here, but readers interested in these details will find a reprint of the
pertinent chapter (Chapter 7) from HMR 55A in Appendix 3 of this report. Similar
information is contained in the 1986 edition of the WMO Manual for Estimation of
Probable Maximum Precipitation (WMO, 1986).

The process of estimating FAFP from a storm for a given area size and duration is
achieved by using the hydrometeorological information available for the storm to
answer certain questions. These questions are contained within several modules which
constitute the body of the SSM.
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The hydrometeorological information about a storm may be missing over large
areas with respect to the storm's full precipitation pattern; or the information when
available may be unevenly distributed; or it may be biased or contradictory. In view
of such informational dilemmas, a decision about the level of FAFP for a storm may
have to accommodate a fair amount of uncertainty. The questions asked in the SSM
modules are formulated in such a way that analysts with different levels of experience
could estimate different amounts of FAFP. Under such circumstances a consensus
among analysts often leads to the best FAFP estimate for a storm, but the consensus
process is not a necessary part of the SSM.

Because of the extensive information provided by the storm analysis program and
the number of storms studied, the SSM technique was considered most appropriate for
the present study. The technique was applied directly according to the original
guidance, subject to the modifications described in the following section.

6.2 Changes to the Previously Published SSM

The remainder of this Chapter covers modifications to the modular development
presented in Appendix 3. This discussion covers specific changes in detail that may be
beyond the casual reader’s interest.

Several details concerning questions and procedures used in the SSM were changed
in this report from their formulation in HMR 55A. For example, in Module 0, which
provides guidance to the analyst regarding decisions on the adequacy of available data,
the adjective "reliable" was replaced by "unbiased”" in questions 5 and 6 (see
Appendix 3). This was done to clarify the fact that isohyetal analyses derived from the
isopercental technique, even though reliable, are created based on an assumption
which Medule 2 attempts to prove. The need to avoid such a fallacy is made more clear
by use of the adjective "unbiased" and, consequently Module 2 was not used to analyze
any of the storms in this study.

Maximization of the index values was accomplished on the storm separation
worksheet (Module 5, see Figure 6.1). This figure is an updated version of Figure 7.8
from HMR 55A (Appendix 3). Some new terms introduced in Figure 6.1 of this report
are explained as follows:

MAX = the index value of non-orographic precipitation for the storm

center, adjusted to 1000 mb and moisture maximized as obtained
from the module (n) indicated by the subscripts 1, 2,3,4,and5,

IPMF(SC) In-place maximization factor applicable at the storm center,
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V. ADJC(SC) A factor used to adjust values (to sea level) of precipitation

obtained at elevations above sea level,

IPMF(NO) = In-place maximization factor at the location of RNOVAL',

BE(SC) = Barrier elevation at the storm center (SC)

BE(NO) and at the location of RNOVAL (NO),

V.ADJ(NQO) = Avertical adjustment factor used to adjust the value of RNOVAL
to sea level,

DP/SST(X) = The upper limit (X) and observed storm day (0) values

DF/SST(0) representing storm moisture content,

H.ADJ = Horizontal adjustment factor,

IlE - = The value of RNOVAL, not yet reduced to sea level, and

Ifl‘ = 'The calculated value of non-oregraphic precipitation at the storm

center, not yet reduced to sea level.

Module 1 considers the observed precipitation data, where the value of RNOVAL (the
highest non-orographic rainfall representative of the storm center) was adjusted to a
common barrier elevation (sea level). This avoided the bias toward large values for
PCT 1 (percent of storm rainfali that is non-orographic) mentioned

in paragraph 7.4.1.2 of HMR 55A. If there was a gradient in the field of maximum
12-hour persisting dew points (see section 4.2) between the location of the storm center
and the locations of RNOVAL, a horizontal adjustment factor, H.ADJ, was applied to
RNOVAL. It has been assumed that RNOVAL is an appropriate depth of non-
orographic precipitation for the area category selected in Module 0. This observation
(RNOVAL) is acceptable for an area of 10 mi®, but this assumption becomes less

reliable for larger area sizes. This assumption is compatible with assumption 3 stated
in Section 7.3.1.2 of HMR 55A.

1See GLOSSARY, Table 6.1, for definition of terms extracted from HMR 55A
Chapter 7 (enclosed as Appendix 3).
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STORM ID/DATENAME 'AT OR FOR, STORM CENTER.
LAT BE(SC)
LON KFCTR
MODULE [ PARAMETER VALUE EVALLUATION SCALE:
CATEGORY Mm%, HR COL. D.0-9 COL. E. 1-9. FOR MODULES 1-X:
PD OF MOST COL F.ISSUMOFCOLS. D & E.
INTENSE PRCF (MIPF) z- Z MEANINGS: COL. D: ADEQUACY OF THE INPUT
0. RCAT INFORMATION FOR REQUIREMENTS SET BY MODULE'S
BFAC TECHNIQLIE.
MXVATS COL. B.PFREFERENCE LEVEL FOR ASSUMPTIONS MADE BY
PA MODULE'S TECHNIQUE.
PC
IPMF(SC)
V.ADI(5C) FOR MODULE 4 SEE SELECTION RULES
V.ADJ-TEMP(F) OVERALL RULE: SELECT INDEX VALUE WITH LARGEST
COLUMN F SCORE.
LARGEST SUBSCRIPT BREAKS TIES.
AT/FOR LOCATION OF RNOVAL: D.JE|F.
1 ,fl- (RNOVAL) LAT/LON/NAME:
LAT(DPAST)
1006 _ LON(DP/SET)
1
L enapr
V_AD} (NO) *IPMF (NO)
PCT1 = PC + BE(NC) DP/SST(X)
[PMF (NO) DP/SST(0)
mj‘m /RCAT* H. AD} V.ADI (NO)
V.ADJ(SC)*IPMF(SC)
Al n PCTZ = FC + (T (F + BY2n).95 - PC) =
2, LOFAC HF+B)
QB DADRF L = (RCATYPCT2)+(LOFAC)Y'
LOFAC (DADRF)(1-PCT2) =
HIFX
::?Fx A o L evapiscyIPME(ST) =
X
1000 .
PCT22 = IMAX, ~ /RCAT*VADNSC)"IPMF(SC) =
UP.LIM OBSYD . REP . GRADIENT  LVL . INFLOW
3 dd/i ad If ad fr
A B | C ;z Tz 4
ADISTMT.FCTR NA|NA) ! 2 T A
REP.DIR{COMP) ;o2 ADIUSTMENT FACTORS
“?'_wrcﬂ)______ ! Z / When wind observalion is once o
IPMF(5C) day at 12Z
! z o M|PP #0OBS FACTOR
09152 10 09-152 () ¢.90
STABILITY CLASS.
LAS T BUZ1W0 1602 (2) 105
2022102202 (1) 1.1%
OTHER T S 02087 1o 0208Z  (2) 130
i F ’ Multiply observed speed by FACTOR 1o
Ag= et REP.SPD
]
SFC CHARTS PCTI=PCH[Pi(P,+A,)(1-PC)=
UIA CHARTS
RAWINSQNDE lf,ow =RCAT*PCTI*VADI(5C)=
A TLITE Max 1% ipME(sC) =
OTHER
Py=
4
MAX! 9% - aMaxI® & a2 -
I iom - (IM ,‘;om .M 1‘000),2 .
SELECTED [MAX'P =

Figure 6.1 -- Storm separation method worksheet; Module 5.
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Table 6.1.-- Glossary of terms modified in storm separation method.

Term for effectiveness of orographic forcing used in Module 3, (see
also P,). Varies between 0 and 95 percent.

Average depth of precipitation for the total storm duration for the
smallest analyzed area less than 100 mi® (from pertinent data sheet
for storm).

That part of RCAT attributed solely to atmospheric processes and
has the dimensions of depth. Subscript 1 associates application to
Module 1.

Term for effectiveness of actual atmospheric mechanisms in
producing precipitation as compared to conceptual "perfect”
effectiveness. Varies between 5 and 95 percent.

Used in calculations of modules to take into account the
contribution of non-orographic precipitation to total FAFP (that
includes contribution from orographic areas). Varies between 0 and
95 percent.

PCT 3:

The percentage of non-orographic precipitation in a storm from the
third module based on comparison of storm features with those from
major non-orographic storms.

RCAT:

The average precipitation depth for storm area size and duration
being considered.

RNOVAL:

Representative non-orographic precipitation value that is the
highest observed amount in the non-orographic part of the storm.

A vertical displacement parameter, the product of the wind
component perpendicular to the slope (for duration considered) and
the slope in feet/miles.

The flowchart used for Module 1 is shown in Figure 6.2, and modified only slightly
from that used in HMR 55A to reflect adjustments to sea level. Since hourly values of
precipitation were available from automated analysis procedures, PCT1 did not have
to be calculated from the variables RNOVAL and MXVATS. Consequently, the value

of PCT1 for the total storm duration could be assumed to be the same as the index

duration (24-hours). The index depth of non-orographic precipitation from Module 1,
was therefore obtained directly from the depth for the index duration at the site
selected for RNOVAL. However, since PCT1 is necessary in Module 4, it was derived
from the relationship

MAX, ™™

PCT1=PC+ —.
(RCAT = V.ADJ(SC)*IPMF(SC))(0.95-PC))
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The ratio, IPMF(SC)*, listed in Module 3 in Figure 6.1, is relatively large when
"observed” storm moisture is close to its upper limit and vice versa. Thus, from a
strictly moisture content point of view, values in Column B would be relatively large
when this parameter is relatively large and vice versa.

In Module 3 shown in Figure 6.3, the orographic parameter, A , was derived using
a somewhat revised procedure, when compared to that in Appendix 3. The vertical
displacement parameter, W, and the elevation gradient were not used. But, the upper-
limit wind speed, which was a constant in HMR 55A, was allowed to vary across the
region. The variation was based on extreme wind speed data (Simiu et al., 1979) for
10 United States locations in the northwest and five locations nearby. The optimum
inflow direction for orographic storms, used in setting the barrier elevations, was
determined for each of the 15 locations. Then at each location, the series of annual
maximum speeds and their associated directions were searched to find the largest
annual wind speed coinciding with the optimum inflow wind direction. This speed
became the first approximation of the upper-limit speed for the optimum inflow
direction at the site. This first approximation wind speed was changed only if certain
conditions were found, as given in the following rules:

(a) If the first approximation speed was less than the mean speed for all
directions in the total sample, the mean speed became the upper-limit speed,
while the optimum inflow direction remained the same.

(b)  If the first approximation speed was larger than the sample mean but less
than the 100-year speed, it was compared with the sample mean plus one
standard deviation speed, and the larger of these two became the upper-limit
speed, while the optimum inflow direction remained the same.

(¢}  If the first approximation speed was greater than the 100-year speed, the
100-year speed became the upper limit speed, while the optimum inflow
direction remained the same.

An analysis of 30-year return period wind speeds, prepared by Donald Boyd for the
National Building Code of Canada (Newark, 1984), and kindly supplied to us by
D.J. Webster, Atmospheric Environment Service, Canadian Climate Centre provided
a basis for extrapolating the upper-limit 1sotachs into Canada.

The compenent of the wind speed along the direction of optimum inflow,
representative of the 24 hours of most intense precipitation, was obtained for each
storm being analyzed. This speed was modified by empirical adjustment factors shown
in Module 3 of the storm separation worksheet, Figure 6.1.
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Figure 6.2 -- Module 1 flowchart.
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These factors were applied when, during the most intense 24 hours of precipitation,
there were only one or two wind observations available at 1200 UTC. These empirical
adjustment factors are in the form of ratios based on relations observed in eight recent
storms from the storm list in Appendix 1.

These ratios compare the 1200 UTC wind speed(s) noted above to the average wind
speeds (when all eight 3-hourly observations are available for the 24 hours of most
intense precipitation). This ratio was then divided by the upper-limit speed and the
resulting quotient multiplied by 0.95 and put in column B alongside the wind
parameter in the A portion of Module 3. Because both upper-limit speed and direction
(which incorporates moisture availability) are involved in the evaluation of the inflow
parameter, the weight assigned to it in column C of Module 3 should be higher than for
the stability parameter, assuming a good sample of inflow winds for a storm is
available. Here again, the decision to use wind speeds in this section that are at a level
less than the theoretical maximum was made as an attempt at limiting the
compounding of maxima.

~ The formulation for PCT3, shown in HMR 55A (Appendix 3) as equal to the sum
of the non-orographic rainfall component and a term that accounts for the effectiveness
of the storm's atmospheric mechanism to produce precipitation was changed to:

P
PCT3 = PC + —2— (1.00 - PC).
Pa * AO

This was done because, by original definition, P, and A, could never exceed a value of
0.95. The formulation used previously had a bias toward lower estimates of FAFP built
into it in the term (0.95 - PC). This bias was eliminated by replacing 0.95 by 1.00 in
this term.

Figure 6.4 attempts to clarify the use of stability in setting a value for A, in
Module 3. The evaluation of the influence of the stability set in column B of the module
is related to variations from the pseudo-adiabatic lapse rate and ranges from 0 to 0.95.
This range may be subdivided as follows (see Figure 6.4): 0.65 to 0.95 when the
observed lapse rates are optimum for producing orographic enhancement of FAFP, 0
to 0.45 when the lapse rates are least conducive for producing orographic enhancement
of FAFP, and 0.45 to 0.65 for the remaining cases. The optimum cases are those where
the lapse rates on average are in the range 1°C more stable to 2°C less stable than
pseudo-adiabatic within 100-mb layers from the surface to 300 mb. The largest value
in column B of Figure 6.3 should be associated with the less stable of these cases.
Lapse rates least conducive for producing orographic enhancement of FAFP (i.e., those
of greatest instability) would be those greater than -4°C from pseudo-adiabatic. The
cases greater than +4°C from pseudo-adiabatic, i.e., the most stable cases, would be
given the lowest scores in column B.
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It is reasoned that orographic enhancement of FAFP should increase up to some
limit with decreasing stability. Beyond that limit (set subjectively at 2°C more
unstable than pseudo-adiabatic) as lapse rates approach the dry adiabatic, there should
begin decreases in moisture content sufficient to weaken the production of purely
orographic precipitation.

Cotton and Anthes (1989) noted that the orographic (described as orogenic
precipitation in that report) enhancement of precipitation involves complex problems
in the formulation of atmospheric scale interactions and phase changes. The
procedures followed to obtain A, in Module 3 (Figure 6.3) barely scratch the surface of
these problems, but a more sophisticated approach awaits the results of continuing
research by atmospheric scientists, and no change is offered here.

It isrecognized that the lack of upper-air information for most of the earlier storms
of record may make use of the stability parameter impossible in the formulation of A,
For more recent storms, however, if less than complete information was available, this
condition limits the value of the weighting assigned to the stability parameter in
column C of Module 3.

Finally, a routine was added to each module which asked the analyst the following
question. Once a value for FAFP had been obtained, is the implied orographic factor
at the storm center satisfactory in relation to the K factor, derived independently from
100-year precipitation-return intensity at the same location? Ifsignificant differences
in orographic factor could not be resolved, a low valuation would be given in column D
to the estimation of FAFP for the module being used. Apart from these changes, use
of the SSM in this report was the same as in HMR 55A (see Appendix 3).

As mentioned above, a process related to, but not part of the SSM, was the
reconciliation of differing estimates of FAFP by different analysts. Another procedure
adopted for this report and related to the SSM, but not part of it was adjustment of
finalized FAFP values to a common reference level of the atmosphere for all storms.
The reference level used was 1000 mb. Based on the maximum persisting 12-hour
1000-mb dew point at the location of the derived FAFP, the FAFP was changed in the
same proportion as the change in water available for precipitation in a saturated,
pseudo-adiabatic atmosphere. No change was made in FAFP; however, for storms
occurring between sea level and 1000 feet above sea level. This procedure was adopted
so that direct comparisons of FAFP could be made easily among all 30 storms analyzed,
and so that the sea-level analysis of the 100-year non-orographic component could be
used as guidance for analysis of the field of FAFP. It was also the procedure used as
part of storm transposition used in creating the index map of FAFP (refer to
Chapter 7).

Since we were dealing with FAFP at sea level, the precipitation depth at the
elevation of the largest enclosed isohyet might be potentially as large as the depth at
a somewhat smaller valued enclosed isohyet, provided that the second center was

391



located at a higher elevation. In such cases, both centers were evaluated for FAFP, and
the results adjusted to sea level.

From the 28 storms centered in the United States and the two storms located in
Canada, FAFP values for 50 ischyetal maxima were set. At least one value was set for
each storm. In five of the United States storms, one or more centers for which DAD
relationships were developed were not analyzed, either because the central value was
significantly smaller than that at the principal center or because the centers were very
close to one another with no significant difference in value. Depth-area-duration
analyses were not done for all of the isohyetal maxima examined by the storm
separation method, but were done for all centers which provided controlling values in
the analysis of FAFP (Appendix 2).

392





